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(54) Organic light emitting diode device with three component emitting layer 



(57) An organic light emitting device includes a sub- 
strate, an anode and a cathode disposed over the sub- 
strate; a luminescent layer disposed between the anode 
and the cathode wherein the luminescent layer includes 
a host and at least one dopant; the host of the lumines- 
cent layer being selected to include a solid organic ma- 
terial comprising a mixture of at least two components 



wherein the first component of the mixture Is an organic 
compound that is capable of transporting both electrons 
and holes and that is substantially non-polar; and the 
second component of the mixture is an organic com- 
pound that is more polar than the first component; and 
the dopant of the luminescent layer being selected to 
produce light from the light emitting device. 
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Description 

[0001] The present invention relates to organic light emitting diode devices and more particularly to the design of 
the composition of the organic layers for improvements in luminance efficiency. 

5 [0002] Organic light emitting diodes (OLED), also known as organic electroluminescent (EL) devices, are a class of 
electronic devices that emit light in response to an electrical current applied to the device. The structure of an OLED 
device generally includes an anode, an organic EL medium, and a cathode. The term, organic EL medium, herein 
refers to organic materials or layers of organic materials disposed between the anode and the cathode in the OLED 
device. The organic EL medium may include low molecular weight compounds, high molecular weight polymers, ol- 

10 igimers of low molecular weight compounds, or biomaterials, in the form of a thin film or a bulk solid. The medium can 
be amorphous or crystalline. Organic electroluminescent media of various structures have been described in the prior 
art. Dresner, in RCA Review, 30, 322 (1969), described a medium comprising a single layer of anthracene film. Tang 
and others, in Applied Physics Letters, 51, 913 (1987), Journal of Applied Physics, 65, 3610 (1989), and commonly- 
assigned US-A-4,769,292, reported an EL medium with a multi-layer structure of organic thin films, and demonstrated 

15 highly efficient OLED devices using such a medium. In some OLED device structures the multi-layer EL medium in- 
cludes a hole transport layer adjacent to the anode, an electron transport layer adjacent to the cathode, and disposed 
in between these two layers, a luminescent layer. Furthermore, in some preferred device structures, the luminescent 
layer is constructed of a doped organic film comprising an organic material as the host and a small concentration of a 
fluorescent compound as the dopant. Improvements in EL efficiency and chromaticity have been obtained in these 

20 doped OLED devices by selecting an appropriate dopant-host composition. Often, the dopant, being the dominant 
emissive center, is selected to produce the desirable EL colors. Examples of the doped luminescent layer reported by 
Tang and others in commonly-assigned US-A-4,769,292 and by Chen and others in commonly-assigned US-A- 
5,908,581 are: tris(8-qulnolinol)alumlnum (AIQ) host doped with coumarin dyes for green emitting OLEDs; and AIQ 
doped with 4-dicyanomethylene-4H-pyrans (DOMs) for orange-red emitting OLEDs. In addition to enhancements in 

25 color and luminance efficiency, there are other significant benefits in using a doped luminescent layer. Shi and others, 
in commonly-assigned US-A-5,593,788, disclosed that the use of a doped luminescent layer significantly improved the 
stability of OLED devices. In Shi's disclosure, a long operational life was obtained in an OLED device by using a 
quinacridone compound as the dopant in an AIQ host. The quinacridone dopant produced a green emission with a 
high luminance efficiency. Bryan and others in commonly-assigned US-A-5,141,671, disclosed a luminescent layer 

30 containing perylene or a perylene derivative as a dopant in a blue emitting host. They showed that a blue emitting 
OLED device with an improved blue hue and an improved operational stability was obtained. In both disclosures, the 
Incorporation of selected fluorescent dopants in the luminescent layer is found to improve substantially the overall 
OLED device performance parameters. 

[0003] The most common formulation of the doped luminescent layer includes only a single dopant in a host matrix. 

35 However, in a few instances, incorporation of more than one dopant in the luminescent layer was found to be beneficial 
in improving the hue. One such instance was reported by Hamada and others in Applied Rhys. Lett. 75, 1682 (1999). 
Using a luminescent layer containing rubrene, a yellow emitting dopant, and DCJ 4-(dicyanomethylene)-2-methyl- 
6-[2-(4-julolidyl)ethenyl]-4H-pyran, a red emitting dopant, in an AIQ most, Hamada and others were able to produce a 
red emitting OLED device with excellent chromaticity. Furthermore, the red hue from the DCJ dopant remains essentially 

40 unchanged regardless of the intensity of light output from the OLED. In contrast, with only DCJ dopant in the AIQ host, 
the color of the light emitted from the dopant DCJ was noticeably blue-shifted, producing a less than desirable orange, 
rather than red. hue. With the dual dopant system, rubrene functions as a co-dopant in mediating energy transfer from 
the AIQ host to the DCJ emitter. In either single dopant or dual dopant systems, it has been noted that the luminance 
efficiency tends to decrease with increasing brightness, that is with increasing current density. With red-emitting do- 

45 pants, the hue usually shifts towards orange with increasing current density 

[0004] Although EL efficiency, color, and stability have been improved significantly using doped luminescent layers 
of various compositions, the problem of decreasing EL efficiency with increasing light output or drive current density 
persists, particularly in red-emitting OLED devices. 

[0005] It is an object of the present invention to provide OLED devices with improved luminance efficiency that is 
50 essentially independent of the intensity of the light output from the OLED. 

[0006] It is another object of the present invention to provide specifically red OLED devices with an improved lumi- 
nance efficiency that is essentially independent of the intensity of the light output. 

[0007] It is a further object of the present invention to provide specifically red OLED devices with chromaticity es- 
sentially independent of the light output. 
55 [0008] These objects are achieved in an organic light emitting device comprising: 

(a) a substrate; 

(b) an anode and a cathode disposed over the substrate; 
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(c) a luminescent layer disposed between the anode and the cathode wherein the luminescent layer includes a 
host and at least one dopant; 

(d) the host of the luminescent layer being selected to include a solid organic material comprising a mixture of at 
least two components wherein; 

(i) the first component of the mixture is an organic compound that is capable of transporting both electrons 
and holes and that is substantially non-polar; and 

(11) the second component of the mixture is an organic compound that is more polar than the first component; 
and 

(e) the dopant of the luminescent layer being selected to produce light from the light emitting device. 

[0009] An advantage of the present invention is that, with an appropriate selection of the first and second host com- 
ponents and the dopants in the luminescent layer, OLED devices with high luminance efficiencies are produced. 
[001 0] Another advantage of the present invention is that it provides OLED devices with a luminance efficiency which 
is relatively independent of the intensity of the light output from the OLED. 

[001 1] Another advantage of the present Invention is that it provides an OLED device with a chromaticity essentially 
independent of the intensity of the light output from the OLED. 

[0012] Another advantage of the present invention is that it provides a red emitting OLED with excellent efficiency 
and chromaticity. 

[0013] FIG. 1 Is schematic structure of an OLED with an organic EL medium; and 

[0014] FIG. 2 and FIG. 3 are two schematic OLED structures showing two different configurations of the organic EL 
medium. 

[0015] The drawings are necessarily of a schematic nature, since the Individual layers are too thin and the thickness 
differences of the various elements too great to permit depiction to scale or to permit convenient proportionate scaling. 
[0016] FIG. 1 illustrates the structure of an OLED device of the simplest construction practiced in the present inven- 
tion. In this structure, OLED device ICQ includes an anode 120, an EL medium 130, and a cathode 140, disposed upon 
a substrate 110. In operation, an electrical current is passed through the OLED by connecting an external current or 
voltage source with electrical conductors 10 to the anode and the cathode, causing light to be emitted from the EL 
medium. The light may exit through either the anode or the cathode or both as desired and depending on their optical 
transparencies. The EL medium includes a single layer or a multi-layer of organic materials. 
[0017] FIG. 2 rates the structure of another OLED device of the present ion. In this structure, OLED device 200 
includes a substrate 210 and an EL medium 230, disposed between anode 220 and cathode 240. EL medium 230 
includes a hole-transport layer 231 adjacent to the anode, an electron transport layer 233 adjacent to the cathode, and 
a luminescent layer 232 disposed between the hole-transport layer and the electron-transport layer. In operation, an 
electrical current is passed through the OLED device by connecting an external current o:r voltage source with electrical 
conductors 10 to the anode and the cathode. This electrical current, passing through the EL medium, causes light to 
be emitted primarily from the luminescent layer 232. Hole-transport layer 231 carries the holes, that Is, positive elec- 
tronic charge carriers, from the anode to the luminescent layer. Electron-transport layer 233 carries the electrons, that 
is, negative electronic charge carriers, from the cathode to the luminescent layer 232. The recombination of holes and 
electrons produces light emission, that is, electroluminescence, from the luminescent layer 232. 
[0018] FIG. 3 illustrates yet another structure of an OLED device of the present invention. In this structure. OLED 
device 300 includes a substrate 31 0 and an EL medium 330 disposed between anode 320 and cathode 340. EL medium 
330 includes a hole injection layer 331 , a hole transport layer 332, a luminescent layer 333, an electron transport layer 
334, and an electron injection layer 335. Similarly to OLED device 200 of FIG. 2, the recombination of electrons and 
holes produces emission from the luminescent layer 333. The provision of the hole-injection layer 331 and the electron 
injection layer 335 serves to reduce the barriers for carrier injection from the respective electrodes. Consequently, the 
drive voltage required for the OLED device can be reduced. 

[0019] According to the present invention, the luminescent layer (either layer 232 of FIG. 2 or layer 333 of FIG. 3) is 
primarily responsible for the electroluminescence emitted from the OLED device. One of the most commonly used 
formulations for this luminescent layer is an organic thin film including a host and one or more dopants. The host senses 
as the solid medium or matrix for the transport and recombination of charge carriers Injected from the anode and the 
cathode. The dopant, usually homogeneously distributed In the host in small quantity, provides the emission centers 
where light is generated. Following the teaching of the prior art, the present invention uses a luminescent layer including 
a host and a dopant, but it distinguishes over the prior art that the host of the present Invention is a mixture having at 
least two components, each component having specific electronic properties. The selection of these host components 
and compatible dopant materials is in accordance with the following criteria: 
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1 . The host is a solid organic thin film having at least two uniformly mixed host components; 

2. The first host component Is an organic compound capable of transporting both electrons and holes, and the 
molecular structure of this organic compound is substantially non-polar; 

3. The second host component Is an organic compound having a molecular structure more polar than that of the 
5 first host component. 

4. The dopant is an organic luminescent compound capable of accepting the energy released from the recombi- 
nation of electrons and holes in either the first or second host components, and emitting the energy as light. 

[0020] Following the selection criteria of this invention, OLED devices have been constructed having excellent lumi- 
10 nance efficiency and chromaticity. More importantly, the luminance efficiency measured in candelas per ampere is 
essentially constant over a large range of brightness or current densities. This is a distinct advantage over the prior 
art, where the luminance efficiency often decreases, or othenwise varies, with increasing brightness or current density. 
Another important advantage is that the chromaticity also remains essentially constant, independent of the brightness 
or current density. Thus, the problem of color shift with brightness in an OLED device is eliminated. 
15 [0021] Preferred materials for the first host component of the luminescent layer of this invention include a class of 
compounds which, for the purpose of this invention, will be referred to as benzenoid compounds. The benzenoid com- 
pounds comprise polycyclic hydrocarbons (PAH) and combinations of two or more PAH. In benzenoid compounds 
formed by combination of two or more PAH, the PAH are connected together via a single chemical bond or linked via 
a saturated or unsaturated hydrocarbon group. The list of PAH useful as building blocks for benzenoid compounds 
20 includes: 



1 . Benzene 

2. Naphthalene 

3. Anthracene 
25 4. Phenanthrene 

5. Tetracene 

6. Pyrene 

7. Pentacene 

8. Perylene 
30 9. Coronene 

10. Chrysene 

11. Picene 

12. Pericyclene 

35 [0022] Any of the above listed PAH, and any benzenoid compounds formed by the combination of one or more of 
the above listed PAH, are useful as the first host component, provided that the compounds are also film-forming ma- 
terials at room temperature. Benzenoid compounds containing a total of 5 or more six-membered rings in PAH groups 
are usually film-forming. 

[0023] Representative examples of useful benzenoid compounds in which the PAH are connected together via single 
40 chemical bonds include: 



1 ) Hexaphenylbenzene 

2) Benzene-anthracene-benzene (for example 9,10-diphenylanthracene) 

3) Naphthalene-anthracene- naphthalene, (for example 9,10- bis(2-naphthyl)anthracene) 
45 4) ( Benzene)2-tetracene-(benzene)2 (for example rubrene) 

5) Anthracene-anthracene (for example, bianthryl) 

6) Anthracene-anthracene-anthracene (for example. 9,10-dianthrylanthracene) 

7) Pyrene-perylene 

8) Perylene-anthracene 

50 

In the above examples, a hyphen represents a single chemical bond between PAH moieties. Useful benzenoid com- 
pounds include compounds including PAH groups linked by one or more hydrocarbon groups. Any of the above ben- 
zenoid compounds substituted with one or more hydrocarbon groups are useful. 

[0024] Particularly preferred materials for the first host component of the luminescent layer of this invention Include 
55 benzenoid compounds of the following structure: 
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r3 




wherein: 

substituents R\ R^, R3 and R"* are each individually hydrogen, or alky! of from 1 to 24 carbon atoms, or aryl, or 
substituted aryl of from 5 to 30 carbon atoms. 

[0025] The chemical names and their abbreviations of specific examples of the particularly preferred materials in- 
clude: 



VJ 







y 









9,10-Diphenylanthracene (DPA) 




9,10- Bis(2-naphthalenyl)anthracene (ADN) 




2-( 1 , 1 -dimethylethyl)-9, 1 0-bis(2-naphthalenyl)anthracene (TB ADN) 
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5 



9,10-Bis[4-(2,2-diphenylethenyl)phenyl]anthracene 

[0026] One particular selection criterion for the first host component is that the organic compound should have a 
molecular structure that is substantially non-polar. The polarity of a compound is a measure of the distribution of e\ec- 

15 trical charge in the molecule. A non-polar or substantially non-polar molecule has a structure wherein every atom is 
approximately electrically neutral. In contrast, a polar compound has a molecular structure wherein some atoms have 
a partial positive or negative charge. The polarity of a molecule can, in some instances, be indicated by the magnitude 
of the dipole moment, defined in units of Debye. For reference, the values of the dipole moments of a large number of 
organic compounds can be found in the Handbook of Chemistry and Physics, 51st edition, page E70. A non-polar 

20 molecule usually has a dipole moment less than 1 .0 Debye. 

[0027] For some organic compounds, the molecular structure is such that the average dipole moment of the molecule 
can be relatively small even though the molecular structure may contain various moieties or group of atoms that are 
rather polar as Individual groups. The reason is that the dipole moments of the individual moieties within the molecular 
structure may oppose each other, resulting in cancellation of these dipole moments. The values of the dipole moment 

25 of various groups of atoms within a molecule, known as group dipole moments, can be found in the book Dipole 
Moments in Organic Chemistry by V. I. Minkin, O. A. Osipov. and Y. A. Zhdanov. Further examples of the use of net 
and group dipole moments to describe the nonpolar or polar character of molecules useful In OLED are available in 
Young and Fitzgerald, Journal of Physical Chemistry, 99, 4230 (1995). 

[0028] As used herein, the dipole moment of a moiety or a group of atoms within a molecule is referred to as the 
30 group dipole moment. The dipole moment of the entire molecule is termed the net dipole moment of the molecule. For 
an organic compound to be substantially non-polar as used herein, the group dipole moments or the net dipole moment 
of a molecule should be less than one Debye. 

[0029] Almost all benzenoid compounds found useful as the first host component in the present invention have a 
dipole moment of less than one Debye, and groups of atoms within these compounds also have dipole moments of 

35 less than one Debye. Many representative benzenolds, such as naphthalene, anthracene, and perylene, have practi- 
cally zero group and net dipole moments. Other organic compounds meeting such a non-polar criteria are useful as well. 
[0030] Materials for the second host component of the luminescent layer of the present invention Include organic 
compounds that have a dipole moment that is higher than that of the first host component. As defined previously, the 
values of the net dipole moment and the group dipole moment of a molecule can be quite different. For an organic 

40 compound to be useful as the second host component, it is only necessary that any individual group dipole moment 
or net dipole moment of the molecule be greater than any individual group dipole moment or net dipole moment of the 
molecule used for the first host component. The value of 0.5 Debye or larger is preferred for the Individual group or 
net dipole moment for molecules useful as the second host component in the luminescent layer. 
[0031 ] Preferably the second host component should have a bandgap that is less than that of the first host component. 

45 The bandgap Is defined as the energy needed to bring an electron from the highest occupied molecular orbital to the 
lowest unoccupied molecular orbital of the molecule. This condition ensures that energy transfer from the first host 
component to the second host component is favorable and the energy resulting from the recombination of electrons 
and holes in the first host component can be transferred to the second host component and subsequently to the light 
producing dopants. 

50 [0032] Another reason for selecting a material of lower bandgap for the second host component is that it may also 
serve as a hole trap, an electron trap, or both. Trapping injected carriers directly in the second host component is 
beneficial as It promotes electron-hole recombination in this component, shortcutting the need for carrier recombination 
in the first host component. Under this condition, the first host component is needed for carrier transport only 
[0033] Materials useful as the second host component in the luminescent layer include benzenolds that are rendered 

55 more polar with one or more electron-donating or electron-withdrawing moieties in the molecular structure. Electron- 
donating moieties include: amino, alkylamino, arylamino, dialkylamino, diarylamino, methoxy, and phenoxy. Electron- 
withdrawing moieties include: cyano, nitro, fluoro, chloro, keto. carboxyl, and pyridyl. 

[0034] Another class of materials useful as the second host component includes benzenolds that contain heterocyclic 
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structures. These structures include benzoxazolyl, and thio and amino analogs of benzoxazolyl of following general 
molecular structure: 



10 




wherein 

Z is O, NR" or S; 

R and R', are individually hydrogen; alkyi of from 1 to 24 carbon atoms; aryl or hetero-atom substituted aryl of 
from 5 to 20 carbon atoms; halo, or atoms necessary to complete a fused aromatic ring; and R" is hydrogen; alkyI of 
from 1 to 24 carbon atoms; or aryl of from 5 to 20 carbon atoms. 

[0035] The dipole moment for the benzimidazole group of this structure is estimated to be approximately 4 Debye 
from reported literature [Tables of Experimental Dipole Moments, edited by A. L. McClellan, Freeman, 1 963, Page 238]. 
[0036] Another preferred class of materials for the second host component is the oxinoid compounds. Exemplary of 
contemplated oxinoid compounds are those satisfying the following structural formula: 



25 



30 




wherein 

35 Me represents a metal; 

n is an integer of from 1 to 3; and 

Z Independently in each occurrence represents the atoms completing a nucleus having at least two fused aromatic 

rings. 

[0037] From the foregoing it is apparent that the metal can be monovalent, divalent, or trivalent metal. The metal 
40 can, for example, be an alkali metal, such as lithium, sodium, or potassium; an alkaline earth metal, such as magnesium 
or calcium; or an earth metal, such as boron or aluminum. Generally any monovalent, divalent, or trivalent metal known 
to be a useful chelating metal can be employed. 

[0038] Z completes a heterocyclic nucleus containing at least two fused aromatic rings, at least one of which is an 
azole or azine ring. Additional rings, including both aliphatic and aromatic rings, can be fused with the two required 
45 rings, if required. To avoid adding molecular bulk without improving on function the number of ring atoms is preferably 
maintained at 18 or less. 

[0039] Illustrative of useful chelated oxinoid compounds and their abbreviated names are the following: 

Tris(8-quinolinol)aluminum (AIQ) 
50 Bis(8-quinolinoI)-magnesium (MgQ) 

Tris(8-quinolinol)indium (InQ) 
8-quinolinol lithium (LiQ) 

[0040] The material selection criteria for the dopant in the luminescent layer are: 1 ) the dopant molecule has a high 
55 efficiency of fluorescence or phosphorescence in the luminescent layer, and 2) it has a bandgap smaller than that of 
the both the first and second host materials. 

[0041] For red emitting OLEDs, a preferred class of dopants of this invention has the general formula: 
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wherein: 

R\ R2, R3, and R"^ are individually alkyi of fronn 1 to 10 carbon atoms; 

R5 is alkyI of from 2 to 20 carbon atoms, aryl, sterically hindered aryl, or heteroaryl; 

and R6 is alkyI of from 1 to 10 carbon atoms, or a 5- or 6-membered carbocyclic ring connecting with ff. 
[0042] These materials possess fluorescence efficiencies as high as unity in solutions and emit in the orange-red 
spectral region. Representative materials of this class and their abbreviated names include: 




DCM 



DCJ 



DCJT 




55 
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R5 



5 




10 

wherein: 
X = S, orO 

and Rg are individually alkyi of from 1 to 20 carbon atoms, aryl or carbocyclic systems; 
R3 and R4 are individually alkyI of from 1 to 10 carbon atoms, or a branched or unbranched 5 or 6 member substituent 
15 ring connecting with R^ , R2 respectively; and 

R5 and Rq are individually alkyI of from 1 to 20 carbon atoms, which are branched or unbranched. 
[0044] Representative materials of this class and their abbreviated names include: 



20 



25 



30 



35 




C-525T 



40 [0045] The composition of the luminescent layer of this invention is such that the first host component constitutes 
the largest volume fraction, followed by the second host component. The dopant constitutes the smallest volume frac- 
tion. The preferred range for the first host component is no more than 95% but no less than about 50% by volume. 
The preferred concentration range for the second host component is no more than about 40% but no less than about 
5% by volume. The preferred concentration range for the dopant is between 0.1% to 10% by volume. The thickness 

45 of the luminescent layer useful in this invention is between 50 Angstroms and 2000 Angstroms. A thickness in this 
range is sufficiently large to enable recombination of charge carriers and, therefore, electroluminescence to take place 
exclusively In this layer. A preferred range is between 100 Angstroms and 500 Angstroms, where the overall OLED 
device performance parameters, including drive voltage, are optimal. 

[0046] A useful method for forming the luminescent layer of the present invention is by vapor deposition in a vacuum 
50 chamber. This method is particularly useful for fabricating OLED devices, where the layer structure, including the or- 
ganic layers, can be sequentially deposited on a substrate without significant interference among the layers. The thick- 
ness of each individual layer and its composition can be precisely controlled in the deposition process. To produce the 
desired composition of the luminescent layer, the rate of deposition for each component is independently controlled 
using a deposition rate monitor. 
55 [0047] Returning to FIG. 2, hole-transport layer 231 and electron-transport layer 233 provide the functions of trans- 
porting holes and electrons, respectively, to the luminescent layer 232. The use of these layers and their material 
compositions in OLED devices have been disclosed by Tang et al in commonly-assigned US-A-4,769,292, included 
herein by reference. A typical hole-transport layer includes the hole-transporting compound NPB, N,N'-bis(1 -naphthyl) 
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-N,N'-diphenylbenzidine. 

[0048] Returning to FIG. 3, hole-injection layer 331 and electron-injection layer 335 provide the functions of improving 
the hole injection from the anode and electron Injection from the cathode 340, respectively. The use of a hole-injection 
layer in OLED devices has been disclosed by Van Slyke and others in commonly-assigned US-A-4,720,432, included 
5 herein by reference. The use of an electron-injection layer has been disclosed by Hung et al in commonly-assigned 
US-A-5,776,622, also Included herein by reference. 

Comparative Example 1 

10 [0049] An OLED device was prepared as follows. A glass substrate coated with a transparent indium-tin-oxide (ITO) 
conductive layer was cleaned and dried using a commercial glass scrubber tool. The ITO surface was subsequently 
treated with an oxidative plasma to condition the surface as an anode. The following layers were deposited in the 
following sequence by sublimation from a heated crucible boat in a conventional vacuum deposition chamber under a 
vacuum of approximately 10*^ torn (1) a hole-transport layer, 700A thick, consisting of NPB, (2) a luminescent layer, 

15 350 A thick, consisting of TBADN as the sole host material and 1% DCJTB as the dopant, (3) an electron -transport 
layer, 400 A thick, consisting of AIQ, and (4) a cathode, approximately 2200 A thick, consisting of an alloy of magnesium 
and silver with a Mg:Ag volume ratio of about 10:1 . 

[0050] The EL characteristics of this device were evaluated using a constant current source and a photometer. The 
efficiency, CIE coordinates, and drive voltage at a relatively low current density, 1 mA/cm^, and a relatively high current 
20 density, 100 mA/cm^, were measured. Their values are shown in Table I. 

Example 2 

[0051] An OLED device similar to that of Comparative Example 1 was constructed, except that In the luminescent 
25 layer, TBADN Is the material for the first host component, AIQ is the material for the second host component, and 
DCJTB is the fluorescent dopant. The relative amounts of TBADN, AIQ, and DCJTB on a volume basis are in the ratio 
89:10:1 . The EL characteristics of this device are also shown in Table I. 

Examples 3 - 5 

30 

[0052] OLED devices similar to that of Example 2 were constructed, except that the relative amounts of TBADN, 
AIQ, and DCJTB in the luminescent layer are in the ratio 74:25:1 for Example 3, 49:50:1 for Example 4, and 25:74:1 
for Example 5. The EL characteristics of these devices are also shown in Table I. 

35 Comparative Example 6 

[0053] An OLED device similar to that of Comparative Example 1 was constructed, except that the sole host material 
in the luminescent layer was AIQ rather than TBADN. The EL characteristics of this device are also shown In Table I. 

40 



45 



50 



55 
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Comparative Examples I and 6 show that the luminance efficiency of an OLED device using a single host material is 
relatively low: less than 4 cd/A for Example 1 where the sole host material is TBADN, and less than 2.5 cd/A for Example 
6 where the sole host material is AIQ. In contrast, the luminance efficiency of an OLED device with a mixture of first 
and second host materials Is significantly higher: above 3 cd/A for all examples and as high as 5.93 cd/A for Example 
2. In Examples 2 - 5, the first host material, TBADN, is a substantially nonpolar benzenoid hydrocarbon. The second 
host material, AIQ, is relatively polar, with a dipole moment of 5.5 Debye. The bandgap values for TBADN, AIQ, and 
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DCJTB are respectively, 3.2, 2.8, and 2.4 electron volts 

[0054] The luminance efficiency at both low and high current densities is generally the highest in OLED devices with 
a mixture of host components in the luminescent layer [Examples 2, 3, 4]. For OLED devices with a single host com- 
ponent [Comparative Examples 1 and 6], the luminance efficiencies are considerably lower. Moreover, the OLED device 
of Example 6 exhibits a major drop in luminance efficiency with increasing current density. In addition, according to the 
color coordinates ClEx and ClEy, the color of the OLED devices Is red shifted with increasing concentration of the 
second host component in the luminescent layer. 

Examples 7-10 

[0055] OLED devices similar to those of Examples 2-5 were constructed, except that the first host material is ADN. 
Again, the second host material is AIQ, and the fluorescent dopant is DCJTB. The composition of the luminescent layer 
and the EL characteristics of these devices are shown in Table 11. Conclusions similar to those drawn for TBADN:AIQ 
in Examples 1-6 can be made for the ADNiAIQ mixed host. 
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Comparative Example 11 

50 [0056] An OLED device similar to that of Comparative Example 1 was constructed, except that the sole host material 
in the luminescent layer was ADN rather than TBADN, and the fluorescent dopant was C-545T rather than DCJTB. 
The EL characteristics of this device are shown In Table III. 

Examples 12-14 

55 

[0057] OLED devices similar to that of Comparative Example 11 were constructed, except that the material for the 
first host component in the luminescent layer is ADN, and the material for the second host component Is AIQ. The 
composition of the luminescent layer and the EL characteristics of these devices are shown in Table III. 
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Comparison of Examples 12-14 with Comparative Example 1 1 shows that the luminance efficiency of an OLED device 
55 using a mixture of ADN and AIQ as first and second host materials is considerably higher than that using ADN as the 
sole host material. In addition, the CIEx and CIEy coordinates indicate a more saturated green hue. 
[0058] Other features of the invention are included below. 

[0059] The organic light emitting device wherein the second component includes a benzenoid substituted with a 
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donor or an acceptor moiety. 

[0060] The organic light emitting device wherein the second component includes organic compounds of molecular 
structure: 



10 




15 wherein 

Me represents a metal; 

n is an integer of from 1 to 3; and 

Z independently in each occurrence represents the atoms completing a nucleus having at least two fused aromatic 

rings. 

20 [0061] The organic light emitting device wherein the second component includes AIQ, InQ, GaQ, or MgQ. 
[0062] The organic light emitting device wherein the dopant comprising a compound of the formula: 



25 



30 




wherein: 

R1, R2, R3, and are individually alkyi of from 1 to 10 carbon atoms; 

R5 is alkyI of from 2-20 carbon atoms, aryl, sterically hindered aryl, or heteroaryl; 
40 and R6 is alkyI of from 1 to 1 0 carbon atoms, or a 5- or 6-membered carbocyclic ring connecting with ff . 

[0063] The organic light emitting device wherein the dopant includes DCIVI, DCJT or DCJTB. 
[0064] The organic light emitting device wherein the dopant includes compounds of structure: 



50 




wherein: 
55 X = S. or O 

R^ and Rg are individually alkyI of from 1 to 20 carbon atoms, aryl or carbocyclic systems; 

R3 and R4 are individually alkyI of from 1 to 1 0 carbon atoms, or a branched or unbranched 5 or 6 member substituent 
ring connecting with R^, Rg respectively; and 



EP 1 221 473 A1 



R5 and Rq are individually alkyi of from 1 to 20 carbon atoms, which are branched or unbranched. 
[0065] The organic light emitting device wherein the dopant includes C-6, C-545T, or C525T. 



Claims 

1 . An organic light emitting device comprising: 

(a) a substrate; 

(b) an anode and a cathode disposed over the substrate; 

(c) a luminescent layer disposed between the anode and the cathode wherein the luminescent layer Includes 
a host and at least one dopant; 

(d) the host of the luminescent layer being selected to include a solid organic material comprising a mixture 
of at least two components wherein; 

(i) the first component of the mixture is an organic compound that is capable of transporting both electrons 
and holes and that is substantially non-polar; and 

(ii) the second component of the mixture is an organic compound that is more polar than the first compo- 
nent; and 

(e) the dopant of the luminescent layer being selected to produce light from the light emitting device. 

2. The organic light emitting device of claim 1 wherein the second component has a bandgap that Is smaller than 
that of the first component. 

3. The organic light emitting device of Claim 1 wherein the dopant of the luminescent layer has a bandgap that is 
smaller than those of the first and second host components. 

4. The organic light emitting device of claim 1 wherein the dipole moment of the first component is less than 1 Debye. 

5. The organic light emitting device of claim 1 wherein the dipole moment of the second component is greater than 
0.5 Debye. 

6. The organic light emitting device of claim 1 wherein the dipole moment of a group of atoms within the second 
component is greater than 0.5 Debye. 

7. The organic light emitting device of claim 1 wherein the dopant is a luminescent organic compound. 

8. The organic light emitting device of claim 1 wherein the first host component includes a benzenoid compound. 

9. The organic light emitting device of claim 8 wherein the benzenoid compound has a the formula: 



substituents R\ R2, R3 and R"* are each individually hydrogen, alkyI of from 1 to 24 carbon atoms, aryl, or 
substituted aryl of from 5 to 30 carbon atoms. 




wherein: 



10. The organic light emitting device of claim 1 wherein the first component includes: 
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9,10-Diphenylanthracene (DPA) 




9,10- Bis(2-naphthalenyl)anthracene (ADN) 




2-( 1 ,1 -dimethylethyl)-9, 1 0-bis(2-naphthalenyl)anthracene (TB ADN) 




9,10-Bis[4-(2,2-diphenylethenyl)phenyl]anthracene 
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